This paper examines the hypothesis that both stock returns and volatility are asymmetrical functions of past information derived from domestic and US stock market news. By employing a double-threshold regression GARCH model to investigate four major index return series, we find significant evidence to sustain the asymmetrical hypothesis of stock returns. Specifically, evidence strongly supports the hypothesis that stock index returns are positively correlated with a composite of stock return news, which is obtained by a weighted average of the lagged domestic and US stock index returns. Moreover, we find that negative news will cause a larger decline in a national stock return than will an equal magnitude of good news. This also holds true for the conditional variance. The variance appears to be more volatile and persistent when bad news hits the market than when good news does. Consistent with existing literature, asymmetries in stock returns are not independent of asymmetries in volatility since a larger adjustment in stock prices to bad news is likely to cause domestic investors to change the debt-equity ratio, leading to higher volatility in stock market.
Introduction
Recent empirical studies of national stock-index returns have noted several empirical regularities.
First, daily stock returns have been found to present autocorrelations. The existence of an AR process has been attributed to nonsynchronous trading (Scholes and Williams, 1977; Lo and MacKinlay, 1990) , time-varying short-term expected returns (Fama and French, 1988; Sentana and Wadhwani, 1992) , and costs of price adjustment (Amihud and Mendelson, 1987; Damodaran, 1993; Koutmos, 1998) . Second, in multi-country analysis, cross correlations of stock returns have been reported in studies by Hamao et al (1989) , Koutmos and Booth (1995) , Kim and Rogers (1995) , and Chiang (1998) . Their findings indicate that national stock returns are significantly correlated and that linkages among international stock markets have grown more interdependent over time.
Third, evidence shows that stock-index returns and volatility spill over through autoregressive conditional heteroscedasticity-type (ARCH) models and display meteor showers in international stock markets (Ito et al, 1992; Theodosiou and Lee, 1993; Lin et al, 1994; Karolyi, 1995; Kofman and Martens, 1997) . Following the approaches by Engle (1982) , Bollerslev (1986) , French et al (1987) , Schwert (1989) , Pagan and Schwert (1990) , Baillie and DeGennaro (1990) , the cumulative evidence indicates that stock volatility exhibits a clustering phenomenon, i.e. large changes tend to be followed by large changes and small changes tend to be followed by small changes. In their review of this market phenomenon, Bollerslev et al (1992) report that the GARCH(1,1) model appears to be sufficient to describe the volatility evolution of stock-return series.
A drawback of standard ARCH-type models is that the estimated coefficients are assumed to be fixed throughout the sample period and fail to take into account the asymmetrical effect between positive and negative shocks to stock returns. This leads to the fourth regularity -an asymmetrical effect is found in studying stock-return series. It has been shown that a negative shock to stock returns will generate greater volatility than will a positive shock of equal magnitude. By extending the research methods proposed by Nelson (1991) , Glosten et al (1993) , Engle and Ng (1993) and Koutmos (1997 Koutmos ( , 1998 Koutmos ( , and 1999 ) find significant evidence to support the asymmetrical hypothesis of stock-index returns. More recently, Bekaert and Wu (2000) and Wu (2001) highlight the leverage effect and volatility feedback effect in explaining asymmetrical volatility in response to news and find supportive evidence in Nikkei 225 stocks.
Note that in the specification of the asymmetrical partial-adjustment price model (Amihud and Mendelson, 1987; Damodaran, 1993; Koutmous, 1998) , where prices incorporate negative returns faster than positive returns, the news variable is implicitly embedded in the autoregressive process of the mean equation. These models are useful and appropriate if our interest is to focus on examining whether news of negative returns is incorporated into current prices faster than news reflecting positive returns.
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On the other hand, Bekaert and Wu's model (2000) provides a unified framework to examine asymmetrical volatility in response to news at the firm level and the market level. However, these models fail to incorporate both domestic and foreign stock news (that is, US stock news) into an integrated model to analyze the asymmetries in return and volatility. In viewing the evidence that returns are internationally correlated (Hamao et al, 1989; King and Wadhwani, 1990; Bae and Karolyi, 1994; Koutmos and Booth, 1995) and that innovations in the US markets are transmitted rapidly to the rest of the world (Eun and Shim, 1989; Chiang, 1998; Masih and Masih, 2001) , it is of interest to examine whether stock returns in the advanced capital markets also react asymmetrically to news from the US stock markets. The decision to choose the US market as a reference, and hence as a center of information propagation, is based on several factors. First, the US market, with its dominant trading position in world capital markets, is also the most influential producer of information. With the aid of its technological advances and computerized trading systems, this has greatly facilitated the transfer of information flows from market to market.
Second, empirical evidence presented by Masih and Masih (2001) confirms earlier findings (Eun and Shim, 1989 ) that the US market provides price leadership in the world market place. Third, international investors often overreact to news from the US markets and are less sensitive to other markets (Becker et al, 1995) . Therefore, stock news released from US markets is expected to be transmitted to other markets in an efficient way.
Thus, instead of simply extending an AR-EGARCH (Koutmos,1999) or an EAR-TGARCH (Koutmos, 1997) model by emphasizing an autocorrelation specification based on domestic stock-return news, we specify a mean equation by linking current returns to a news index containing past information from domestic markets as well as from the US markets. Moreover, we are interested in examining the possibility of an asymmetrical effect in volatility in reaction to the news index. To capture these features, we propose a double-threshold autoregressive GARCH model (DTAR-GARCH), with the latter estimated by a Bayesian method. Thus, our study differs from previous researches in several respects. First, instead of focusing exclusively on past stock information embodied in the autocorrelation term (Sentana and Wadhwani, 1992; Koutmos, 1997 Koutmos, , 1998 , we employ composite news derived from both domestic and foreign markets and analyze the asymmetries in returns and variances. This specification allows us to examine individual news effects or combinations from both stock sources. Thus, our findings will provide a broader avenue for processing past information in a multi-asset framework and will shed some light on the asymmetrical effect on international stock returns. Second, in an empirical estimation, a Bayesian method will be utilized to estimate a vector of unknown parameters, Θ , in the DTAR-GARCH model, including a threshold value, r, and a time delay, d. It allows us to generate approximated samples from the posterior distribution of Θ via a Markov Chain Monte Carlo method (MCMC).
Thus, the usual restriction of pre-setting r and d in estimating a threshold model can be avoided. This paper is organized into the following sections. Section 2 describes the data used in this study and presents some statistical properties of stock returns in a standard GARCH(1,1) specification. Section 3 provides the rationale and procedures for using a Bayesian estimation of a DTAR-GARCH model. Section 4 presents the estimated results for both mean and conditional variance equations. Section 5 carries out the estimation based on optimal weighting of stock return news. Section 6 contains concluding remarks.
The Data and Basic Statistics

Data sample
The data used in this study are daily stock-price indexes for five stock markets from January 1, 1985 , through November 14, 2001 . The data consist of the Dax 30 (Germany), the FTSE 100 (United Kingdom), the Nikkei 225 Index (Japan), the Toronto SE 300 (Canada), and the S&P 500 Index (United States). All the data were taken from Data Stream International. Following the conventional approach, taking the logarithmic difference of the daily stock index times 100 generates daily stock-return series. That is, ) log (log * 100
It is important to note that our investigation covers the major stock indices in the global market place, including Japan, Germany, the United Kingdom, Canada, and the United States. This wide coverage of data allows us to investigate market behavior involving spatial differentials, which may be unique to country factors. However, stock markets in different countries operate in different time zones with different opening and closing times. To compare the realized returns for stock indices in a given calendar day in different real-time periods is not an easy job. Yet, stock trading at New York City (the S&P 500 Index in the US market) is the last one to close among the different world exchanges under investigation. So closing news in the US market at day (t-1) will have sufficient time to be transmitted to the Japanese and the various European markets. It is possible to examine the issue by constructing synchronous data (Martens and Poon, 2001 ). However, market behavior, such as in the Japanese market, would have to be excluded. As a result, empirical evidence and its implications would be restricted to the Western Hemisphere rather than a global setting.
Basic statistics
To provide a general understanding of the nature of each market's returns, we summarize the statistics of daily returns in Table 1 . The statistics in Panel A contain mean ( µ ), standard deviation (σ ), and a values for the returns and returns squared.
The mean values for Canada and the two European stock returns exhibit very similar performances. However, the Japanese market appears to show a negative return as well as the highest standard deviation. The unfavorable outcome of Japanese stock returns is attributable to the fact that the Japanese market has run been a bear market since 1989; the market was further process, as popularized by Bollerslev et al (1992) , we write: By checking the performance of the regressors, the coefficient of the US index return appears to play a more significant role than that of the AR(1) term. Evidently, the hypothesis of independence of stock-index returns from the US market is uniformly rejected. (1) and (2) provides us a framework to describe the daily asset-return behavior in a GARCH(1,1) process, the estimated coefficients are fixed and fail to reflect the asymmetrical nature of the market news. In order to examine whether past stock news could produce asymmetrical effects on the mean and conditional variance equations, we construct a threshold-GARCH model characterizing regime switching, which we shall present next.
The Double TAR-GARCH model
The model representation
The quantitative model we adopt here is the Double TAR-GARCH model (DTAR-GARCH), which is a generalization of the threshold ARCH models proposed by Li and Lam (1995) , Li and Li (1996) , and Chen (1998) or a self-exciting threshold autoregressive model (SETAR) by Tong (1990) and Tsay (1998) . This model is motivated by several nonlinear characteristics commonly observed in practice to capture the asymmetry in declining and rising patterns of a process. It uses piecewise linear models to obtain a better description of conditional mean and conditional volatility equations.
To simplify the process, the conditional mean in a two-regime model is specified as:
where z t-d is an information variable at time t with d period delay, carrying the news of stock returns:
where w is a positive weight, lying between 0 and 1. To appreciate the specification of Equation (4), z t-d is assumed to be a weighted average of two sets of information, and , being used by investors to assess the stock markets. If the observed stock-index return variable (i and j)
reflects purely random error of stock-index change, we do not expect autocorrelation to be present in stock returns. However, if the stock-index returns reflect a partial adjustment of the past price level to its market fundamentals (Amihud and Mendelson, 1987; Damodaran, 1993; Koutmous, 1998; Bekaert and Wu, 2000) or form expectations in an extrapolative fashion, the changes in stock index will be autocorrelated.
highlights the significance of stock-return news from global markets due to industrial structure (Roll, 1992) , contagion effects (King and Wadhwani, 1990) , or other forms of spillover. With the dominant share of the US market, which is also the last market to close on the global clock for a given calendar day, the foreign information in our context mainly relies on the US stock-index return news. Thus, the sign of in Equation (3) ought to be positive and significantly different from zero. The time lag for news to arrive in national markets is expected to be relatively short from an efficient market point of view. Additionally, the parsimonious principle suggests that the lag length should be based on model fitting of available data without using any unnecessary parameters. The decision for the choice of the delay variable d in this study will be dependent on the empirical regularity, which is the mode of our empirical simulation.
substituting Equation (4) into Equation (3), we obtain:
where w is the weight of country ith (domestic) stock return being used to project its own stock return; (1-w) is the weight of country jth market information (the US stock return) being used to project the ith market return. Comparing Equation (5) with Equation (2) yields the restrictions:
. A special feature of the specification of Equation (5) is that this expression contains composite news employed by the investor/economic agent to assess national stock returns, rather than relying on single news items emerging from either market. The estimated coefficients depend on the parameter w. If one imposes w =1, the specification reduces to an autoregressive process and catches an extrapolative behavior or partial price-adjustment model (Li and Lam, 1995) . If one imposes w = 0, the stock return is governed by the cross-country stock-index return. In fact, the weight can vary in time and space across different countries. Thus, Equation (5) parsimoniously summarizes market news pertinent to explaining national stock returns.
To highlight the asymmetrical feature of the stock market behavior, we rewrite Equation (5) in a two-regime model based on the threshold information r as: 
The corresponding GARCH(1,1) specifications for the conditional variances are given by: 
ε is a sequence of independent and identically distributed normal random variables with mean zero and variance 1;
, and for 0 , 0
, r, and d are unknown parameters. The positive integer d is commonly referred to as a delay (or threshold lag), r is a threshold value, and w is a weight parameter lying between 0 and 1. The threshold variable z t-d in this model is an exogenous variable.
It differs from a standard SETAR model (Tong, 1990) or a simple threshold model, as that of in Li and Lam (1995) , Li (1996), or in Koutmos (1998) . According to the model specification, the dynamic structure of the mean equation is still dependent on an autocorrelation term and the past U.S stock return news as embodied in the composite-news variable; the variance equation follows a GARCH(1,1) process. However, the model is divided into two different regimes in response to bad news, z
which we define as regime 1, and good news, z t-d > r, which we label regime 2, to capture the mean and volatility asymmetries.
Two additional features are associated with this model. First, the value of r is not necessarily zero. This means that the sum of stock returns that are negative does not necessarily imply bad news. The bad news in our context is that negative past returns, z t-d , are sufficiently smaller than the threshold value, r. Second, the d value is not necessary equal to 1 as implied by most conventional models (LeBaron, 1992; Koutmos, 1998; Bekaert and Wu, 2000) . In the current model, the values of r and d, along with the other parameters, are estimated simultaneously by the Markov Chain Monte Carlo method (MCMC) as we discuss below.
Estimation procedures
Classical estimation of parameters in the threshold class of models is usually done by a least-squares method with r and d prefixed (Tong, 1990) . Estimates of r and d are then determined by using information criteria such as AIC and BIC (Tsay, 1998; Shen and Chiang, 1999) . The shortcoming of this sampling approach is that by fixing r and d in advance, before estimating other parameters by least squares, the uncertainty of r and d cannot be taken into account when performing statistical inference for other parameters. Moreover, the choices of r and d are likely to be dependent on the criteria we choose for model comparison. To alleviate the problems arising from predetermining r and d, we adopt a Bayesian approach, which allows us to estimate r and d as well as other parameters simultaneously.
4 Specifically, we can generate approximated samples from the posterior distribution of unknown parameters, including d and r, via MCMC methods (Chib and Greenberg, 1995; Chen, 1998; So and Chen, 2002) . The estimation procedures of Bayesian analysis are outlined as follows:
Step 1: Write the likelihood function p(R| ) Θ as:
π is the time index of the kth smallest observation of z 1 ,…, z n ;and s satisfies the restriction
Step 2: Choose the prior distribution )
) is the indicator function that I(A) = 1 if the event A is true, a and b are 25 and 75 percentiles of the threshold variable, z t-d , respectively.
Step 3: Obtain posterior distribution | (Θ p R) by the Bayes' rule:
Step 4: Sample iteratively from | (Θ p R) to generate a posterior sample Θ M+1 , ..., Θ N by using Markov Chain Monte Carlo methods, where M=10,000 is the number of 'burn-in' iterations for convergence and N = 20,000 is the total number of iterations.
The sampling is done in seven blocks:
where represents the vector x − Θ Θ without the parameter x .
Step 5: Obtain point estimates of the unknown parameters by the sample mean of the posterior sample. The point estimate of Θ , other than d, is given by:
Step 6: Estimate by observing the value occurring most frequently in the posterior sample. 
Estimated results from the Bayesian method
The Bayesian estimates of system Equations (6) and (7) for the major stock markets are generated in two stages. First, we estimate the equations with a given weight prefixed and then allow the weight to vary in order to detect changing coefficients in response to different emphases on the components of news in pricing behavior. Those results are reported in Tables 2 through 5. Second, we treat the weight as an endogenous variable and search for the optimal level of the weight pertinent to the data. In this way, the investors/economic agents will be informed of the optimal information combination. The results are presented in Table 6 .
The estimated parameters reported in Tables 2 through 6 It is of interest to note that when w = 0.0, meaning that the investor uses US index-return performance as an indicator, the threshold values are very stable, lying in the neighborhood of -0.36%. However, when w = 1.0 or w is close to unity, the investor merely utilizes information from the domestic stock-index return to assess subsequent stock returns, the estimated coefficients appear to have more variation across different countries. The estimated (i=1 and 2) shows insignificant or even generates conflict signs. This suggests that the impact of US stock news has a more consistent and uniform effect on the time-series structures of the major stock-index returns.
This is in agreement with market observation, in the sense that the US market closes last in a given trading day, and thus carries more information content with respect to market developments.
Next, the values (the third row from the bottom) derived from the posterior modes indicate that the most appropriate time delay that investors employ to assess the market conditions is one day.
This holds true generally for the markets of Canada, the United Kingdom, and Japan. In the case of the German market and two instances in the Canadian market (w = 0 and 1), the highest frequency of d occurs at lag 2 among the lags {1,2,3,4} in our simulation. independent of w in the modeling process. This is consistent with common intuition or asymmetrical information, where local-market information appears to be more accessible to domestic investors.
As a result, market reactions appear to respond more rapidly.
Estimation results for the mean equation
As shown in Tables 2 through 5, the Bayesian analysis of each stock-index return in reacting to stock news exhibits different behavior. The estimated mean coefficients and their corresponding standard errors obtained from regime 1 (bad news) are in general much larger in magnitude than those appearing in regime 2 (good news), displaying asymmetrical effects in the different regimes.
Specifically, the estimates for markets in the United Kingdom, Germany, Japan, and Canada (for w up to 0.7) exhibit a very similar behavior. The sign of the parameter is positive and statistically significant. The estimated values of are in general larger than those of , indicating that the response of stock returns to past information is more sensitive in regime 1 (bad news) than in regime 2 (good news). This is consistent with extrapolative, risk averse behavior that suggests when investors receive news, good or bad, they tend to carry the market momentum to
present an extrapolative behavior, giving rise to a positive AR(1) process. However, the risk aversion will lead investors to react more sensitively and hence produce a more profound effect on short sales upon receiving a bad news than it will on their buying activities in response to good news.
It is this asymmetrical behavior that generates asymmetrical prices movements.
Since investors are assumed to use two sets of information as input to project market price movements, the asymmetrical effect is likely to vary as the weighting parameter changes. We found the asymmetrical effect becomes less significant when stock-return news is measured by placing a heavier weight on the domestic market. In an extreme case, which we impose at w = 1, the evidence for Canada, the United Kingdom, Germany, and Japan appears to be consistent with the partial price-adjustment model (Amihud and Mendelson, 1987; Damodaran, 1993; Koutmous, 1998) in that the estimated mean coefficients linking current returns to past returns are larger in a good news regime than in a bad news environment. In comparison with the earlier analysis shown in Table 2 , with the exception of some Canadian cases, the estimated mean equation is dominated by US market news, as seen by varying the w values from zero to about 0.7. The individual coefficients for US and domestic stock returns can be obtained by the products of and , respectively. For instance, if we are interested in knowing the UK stock return equation in the regime 1, the coefficients are 0.39375(=0.4375 0.9) and 0.04375(=0.4375× 0.1) for a lagged US stock return and a lagged U.K stock return, respectively.
Thus, the estimates produced by varying the weights provide a broader spectrum of parametric sensibility, reflecting various reactions of financial behavior.
Estimation results for variance equation
The statistical performance from Tables 2 through 5 also indicates that conditional variance Notes: The horizontal heading in Table 2 is the weight imposed on domestic news, w = 0.0, 0.1,…, 1.0 in Notes: (see Table 2 ). Notes: (see Table 2 ). Notes (see Table 2 ). Notes (see Table 2 ). Notes (see Table 2 ) Notes (see Table 2) volatility to negative news versus positive news.
This finding of asymmetrical volatility is consistent with a number of results in the literature (Campbell and Hentschel, 1992; Koutmos, 1998 , Bekaert and Wu, 2000 , Martens and Poon, 2001 ).
The underlying economics is that whenever bad news hits the market, it creates fear and heightens stock volatility along with large volume of selling. This higher level of volatility in the markets has to be compensated by higher expected returns, leading to a decline in stock prices. Due to the very nature of volatility persistence, as implied by the GARCH (1,1) process, the conditional volatility is expected to be revised upward further due to market momentum. Moreover, the leverage effect trigged by price declines could reinforce the volatility acceleration as in the story described by Bekaert and Wu (2000) . As a result, we anticipate that a negative shock in stock markets could generate a substantial increase in conditional volatility.
Note that when good news enters the market, it generates an enthusiastic spirit that stimulates market volatility resulting from an increase of orders. However, this increase in volatility will be moderated by price declines caused by demands for a higher expected return. At the same time, the leverage effect is also likely to exhibit downward pressure on the conditional volatility. Thus, the positive news does not necessarily create a significant increase in conditional volatility. Putting these two stories together, it is clear that the effect on conditional volatility is more profound when bad news hits the market than when good news does Second, the sum of the estimated coefficients, (
, is close to unity, and ( ) is not, implying that the volatility in regime 1 reveals high persistence or long memory. This suggests that bad news tends to create a longer negative effect than does good news. This empirical finding is quite consistent with investor behavior where experiencing a loss in the stock market will create a more persistent fear than would momentary gain and excitement derived from a positive stock return. 
Estimation results based on optimal weighting of stock news
As shown in the previous section, the estimated parameters and conditional variances vary with the weights used in constructing the stock-return news variable. This sensitivity analysis is useful since changing coefficients reflect markets' responses toward different emphasis on the components of news in the pricing behavior. However, it is important to search out the optimal weighting that is most consistent with the data. In this connection, we also treat w as a parameter in our simulation process. An optimal value of w is obtained from the MCMC sampling. 10 The estimated results are reported in Table 6 11 These statistics suggest that market participants tend to place a relatively smaller weight on domestic stock-return news and greater weight on the US news in order to project their stock returns. This may be attributable to the dominant economic and technological power of the United States, as reflected in financial news, or simply to the fact that the US market is the last one to close security trading in a given business day, or to both factors.
To see the precise mean equations, we incorporate the weighting information into the estimated coefficients as shown in Table 7 . The results in Table 7 provide more consistent and stable estimated coefficients, as compared with the results in Table 2 through 5 obtained from the standard model in Equations (1) and (2). In particular, estimated coefficients for both lagged domestic stock returns and the US stock returns in regime 1 are uniformly greater than those in regime 2. A similar result is found in the average variance shown in Table 6 . That is, [
The evidence, therefore, shows consistently that the coefficients in both the mean equation and in the conditional variance display an asymmetrical effect. The estimated results further suggest that the US stock returns are a dominant factor in explaining national stock returns, thus rejecting the efficient market hypothesis in our data samples. An important implication of identifying the weights in our study is that the information derived from Table 7 can be a significant input for helping financial managers to differentiate the informational impact on stock returns and hence to manage their portfolios in response to different types of shocks. Table 7 Estimates of national stock returns based on optimal weight of stock news in two-regime model Due to the negative sign of r, the inequality signs can be confusing. To be specific, if the previous day's weighted average loses more than |r| %, it is a bad news. However, if the previous day's weighted average loses less than |r| % or has a gain, it is good news.
Summary and concluding remarks
In this paper, we have investigated the dynamic behavior of daily stock-index returns of five major stock markets. In conformance with well-established empirical regularities, the stock-index returns present some degree of persistence and have substantial international spillover; the volatility evolution process appears to be described well by a GARCH(1,1) specification. To examine the asymmetrical behavior attributed to the outcomes of stock returns, we employ a composite stock-return news variable by a weighting average of the most recent domestic and US stock-return news.
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The evidence from the test equations based on a Double TAR-GARCH specification shows that stock returns are positively correlated with stock-return news. This finding in turn suggests that stock returns are positively autocorrelated and cross-correlated with the US stock-return news. Further analyzing the relative significance of stock news revealed from the data, Bayesian estimation results suggest that the optimal weight is rather low, meaning that a lower weight is placed on domestic stock news versus US stock news in forming the news index or threshold variable. Our testing result thus favors the hypothesis that US market-return news plays a dominant role in predicting domestic stock returns, although an AR(1) term has some explanatory power. Moreover, the optimal time lag for news that hits the market is one day, except that Germany market displays two days.
This study shows consistently that asymmetrical effects are present in both the mean equation and the conditional variance equation. The empirical results indicate that the estimated coefficients in both mean and variance equations are in general more sensitive and larger in the regime where bad news occurs in comparison with a regime of good news. In particular, the price change is more sensitive when bad news hits the market than when good news arrives. By comparing the average variances , i =1, 2, across different weights, the evidence shows that placing more weight on US stock news will generate lower average variance. More interestingly, the sum of the estimated coefficients for the variance equation in regime 1, , is much closer to unity than the sum of coefficients in regime 2, , implying that the volatility exhibits high persistence or long memory upon bad news hit the markets. This suggests that the bad news tends to create a much longer negative effect than does good news. 
Endnotes
1. In examining nine developed stock market indexes, Koutmos (1998) presents a model to investigate asymmetrical effects and finds that asymmetries in the conditional mean are linked to asymmetries in the conditional variance since the faster adjustment of prices to negative returns gives rise to higher volatility during down markets.
2. If the stock indexes follow a random-walk process, the stock returns reflect random news. In this way, = and = ( and are stock indexes for country i and j, expressed in natural logarithm), where and are domestic and foreign stock return news, respectively. However, if stock returns, and hence changes of stock prices, reflect a partial adjustment toward the market fundamental price, , that is, and is assumed to follow a martingale process, then the return series will follow an autoregressive process (see Koutmos, 1999) . LeBaron (1992) and Koutmos (1998) specify only one lag for the autoregressive parameter.
Baillie and DeGennaro (1990) find a longer lag in the autocorrelation parameter. The optimal lag length in our model will be searched out through our sampling process. In most cases, we find one lag is sufficient to capture the information.
4. In standard sampling theory, the estimator and statistical inference are obtained and the true value of the parameter located in certain confidence intervals. The shortcoming of this method is that the confidence can be defined only for a certain restricted sets of intervals. This restriction would not occur in the Bayesian method since we can define a density function over the parameter space and thereby consider the probability that a parameter lies in. In the Bayesian approach, the posterior distribution provides probability distribution over the parameter space obtained from the sample as well as from the a priori information (Amemiya, 1994) . The discussion of Bayesian analysis and its comparison with sampling theory can be found in Greene (2000, pp. 402-412) .
5. We also estimate the values of the posterior median. The results are similar to the values of posterior mean. To save space, we do not report the values of median, which will be available upon request.
6. It is possible to present multiple regimes with different threshold values. In particular, when the number of changes (regimes) is known, the MCMC method can be applied in a straightforward manner. However, in practice, it is not easy to decide the number of regimes having a particular economic meaning. Moreover, the computation can be very cumbersome.
In our study, dividing the data into two regimes allow us to examine the asymmetrical phenomenon, which is the main concern in this study.
7. Note that in the threshold model, it does not automatically use r = 0 as a benchmark to define the gain or loss of stock investments. Rather, the threshold is searched to divide the process into two different structures, conditional on the time-series property. Our notion differs from that suggested by Bekaert and Wu (2000) , who argue that "negative unanticipated returns result in an upward revision of the conditional volatility, where positive unanticipated returns result in a smaller upward or even a downward revision of the conditional volatility" (see their equation 1). Their concern is to establish a link between volatility and news in order to explain the asymmetry. Our focus here goes beyond the volatility issue; it also addresses the link between stock returns and lagged news variables. Moreover, the sources of the news are taken from both domestic and foreign markets. Our model is also at variance with Martens and Poon's model (2001) in that their focal point is on the correlation of returns through comparing synchronous versus synchronized data. Their model, however, places no concern on the asymmetry of the mean equation and stock-return dynamics.
8. In implementing the Markov Chain Monte Carlo method, we employ d = 1, 2, 3 and 4. The result shows that d = 1 for most countries and d = 2 for Germany has the highest frequency.
9. Note that the opposite sign of and in Japan and Germany when w = 1 is consistent with the finding by Li and Lam (1995) in their study of Hong Kong Hang Seng stock index. Tables 2 through 5 , a specific weight is assigned in each case.
However, the weight in Table 6 is treated as an endogenous variable, which is one of parameters to be estimated in the sampling process as outlined in Section 3.2, Step 4-(vi).
11. This means that in the above estimates (Tables 2 through 5 ), the resulting statistics are suboptimal when weights other than the optimal level are used.
12. An explicit treatment of the leverage effect and the role of trading volume have not been incorporated into this paper. The research by Gallant et al (1992) , Cheung and Ng (1992) , Bekaert and Wu (2000) , and Wu (2001) has addressed these specific elements in explaining the dynamics of asymmetrical volatility.
